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This paper describes the possibility of removing of nitrates, thus a denitrification of industrial wastewater with low 
organic matter by the pond culture. Pond culture in the form of microorganisms in the pond mud plays a major role in 
the self cleaning water in natural reservoirs. The use of pond culture for wastewater treatment is primarily motivated 
by the requirement for low economic and human resources of the cleaning process. Laboratory experiments with 
pond mud were intended to clarify the basic relationships of biological, physical and chemical processes. The effect 
of the amount of mud, presence of organic substrate, phosphorus, temperature and access of air (oxygen) to remove 
nitrates was monitored. 
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1. Introduction 
Natural methods of wastewater treatment using self-cleaning processes, that occurs in nature in soil, 
water and wetland environments. Their imitation and intensifying is the biological wastewater treatment. 
From a global point of view, the water self-purification process combining anaerobic and aerobic 
biological processes. Examples of such plants are generally aerobic low and high strain biological aerated 
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ponds, anaerobic storage, sedimentation and flow biological ponds, flow trough bioeliminators with 
growth of algae, special ponds and aquaculture in the cascade of free natural and artificial environments 
[1, 2]. 
The type of stabilization reservoirs are purification biological ponds. They form a small reservoir pond 
type, adapted for mechanical and biological purification of waste waters. The ponds are arranged in 
cascades, and the last one is possible to keep fish. Waste water is conveyed continuously and in such 
quantities that not endanger fish stocking. This type of pond is the most common and is characterized by 
some balance between aerobic and anaerobic processes. In non-aerated stabilization pond cleaning is 
dependent on the area or volume load of organic substances and is comparable with self-cleaning 
processes in surface waters. In non-aerated pond cleaning processes carried on similarly as in standing or 
slowly flowing waters. The contribution of oxygen and mixing depends mainly on climatic and 
meteorological conditions. In shallow reservoirs allows their large surface area due to their shallow depth 
strong influence of climatic conditions on the water mass. Effect of temperature and wind, causing waves, 
there is intense and can reach far below the surface. Oxygen supplied by surface aeration represents only 
a minor part with relation to nascent oxygen activity of algae. 
1.1. Natural wastewater treatment 
Natural reservoirs for wastewater treatment can be both natural and artificial origin and have attributes 
such as biological or stabilization. The types of biological or stabilization ponds are purification 
biological reservoirs (ponds). In the biological (stabilization) ponds wastewater are cleaned by natural 
biological, biochemical and physical processes that are collectively referred to as self-cleaning or 
stabilization. Self-cleaning ability of water is mainly dependent on the degree of recovery of water by 
bacteria, cyanobacteria, algae, aquatic plants and animals (the species composition and their quantity), 
supply of oxygen, water temperature, flow and other factors [3,4]. Biocenosis which is the basis of self-
cleaning process is different in various types of water depending on load and other technological 
parameters. Self-cleaning process speed also depends on the length of contact decomposing substances 
with organisms (or their excreta), which help to self-cleaning. The process occurs most intensely on a 
surface immersed in water, it means the surface rocks, stalks and leaves of aquatic plants, the tufts of 
filamentous algae. The submerged plants and objects created early thin mucilaginous layer of sludge, 
consisting of fine organic matter in which they live bacteria, algae and small animals. This layer acts as 
activated sludge in biological wastewater treatment plants. It has a large absorption capacity and retains 
colloidal dissolved and finely dispersed organic substances. The organic matters are rapidly mineralized 
by activities of bacteria, cyanobacteria and algae in this layer. 
However, macroorganisms such as crustaceans, worms, insect larvae (mostly benthic organisms living 
in the bottom surface layer) and macrophytes (larger plants) also have a role. But the results of the work 
the Water Research Institute showed the primary role of bacteria of cleaning process in most stabilization 
ponds, whereas the activity of phytoplankton and zooplankton has a secondary role, although also 
important [5]. In the standard reservoir of pond-type aerobic processes dominate, which can be 
characterized as a process of bacterial oxidation and photosynthetic reduction taking place in the aquatic 
environment. Anaerobic zone, in which only applies to bacteria, is a major factor in the treatment of 
wastewater stabilization ponds. The task of the aerobic zone is primarily connected with the suppression 
of odors, thus stabilization. Anaerobic processes are usually jointed with odor defects that may had 
negative affect to the neighborhood. Among the most important microbial, mostly anaerobic self-cleaning 
processes, include reduction of sulphate to sulphide and nitrates to nitrites. The course of anaerobic 
treatment processes are closely linked with temperature at temperatures below 10 °C is very limited. 
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Same importance as the presence of microorganisms and the composition of water has the composition 
of pond bottom (mud) in the cycle of substances in biological reservoirs. Pond bottom is composed of two 
layers: a layer of the original soil, usually lighter in color, which was founded by a pond and a weaker 
layer, darker-colored mud by humus, resulting from longer flooding (sediments, fertilizer, decomposition 
of plant and animal substances). It is the seat of original animal organisms (benthos), which is an 
important component of native fish food and habitat flora. Physical and chemical properties of the bottom 
depend on many factors, such as pedological base, petrographic origin (description of the composition 
and properties of rocks), the chemical composition of pond soils, the vegetation, the degree and method of 
cultivate of the pond, the properties of organic substances, climatic influences, etc. Pond bottom enriched 
water with nutrients needed for growth and nutrition of aquatic plants. If nutrients are not consumed, the 
bottom holds them and released as needed into the water again. In production ponds, soil adsorption takes 
place in the upper layer soil, it is a layer of colloidal substances, mainly of organic origin (fine organic 
mud). Here the active workings of decomposition of organic compounds and the interaction of a huge 
number of various microorganisms (bacteria). Nutrients going to leak into the lower layers and will be 
washed without the adsorption. Soil adsorption makes it possible to use of fertilizers and regulating the 
concentration of nutrients in the soil. These processes take place only within a reasonable layer of mud 
(the optimum thickness is about 25 cm), which does not have an acid reaction. Too thick layer of mud is 
not suitable for benthos, because it affects the deeper layers of acidity and reducing harmful environment 
causes. 
 
1.2. The role of denitrification in removing nitrates from waste water 
When talking about the removal of nitrates, we mean primarily denitrification. Denitrification is a 
process in which there is a gradual conversion of nitrate NO3- through various intermediates to the 
elemental nitrogen N2. The steps are catalyzed by denitrification enzymes in the bodies of organisms, 
mainly bacteria [6]. 
To complement is also necessary to mention the nitrification process, which may prevent the 
denitrification. Nitrification is commonly defined as aerobic biological oxidation of nitrogen compounds 
to nitrates by nitrifying bacteria. These aerobic processes are essential for the nitrogen cycle in the 
biosphere. Nitrifying bacteria can use molecular oxygen to oxidize ammonium ions (NH4+) to nitrite ions 
(NO2-) or nitrite to nitrate (NO3-) [7,8]. 
The main mechanisms of decontamination in biological wastewater treatment are biochemically 
oxidation - reduction reaction, oxidation - reduction potential (ORP), respectively, which is usually given 
by concentration of dissolved oxygen. Historically we distinguish aerobic conditions (oxygen) and 
anaerobic conditions (oxygen free). In connection with the development of applications of biological 
processes of nitrification and denitrification was introduced a new term - anoxic conditions (the area 
between ORP from (-50 to +50 mV). The decisive factor for the resolution of these reactions is the final 
electron acceptor and the associated levels of ORP. Under anoxic conditions is not present dissolved 
elemental oxygen in the water, but much of the aerobic microorganisms can used for the oxidation the 
oxygen fixed in nitrite and nitrate, which reduces mainly to elemental nitrogen. The ability of the nitrate 
(or nitrite) respiration is evolutionarily older than the utilization of molecular oxygen. Today, it has great 
ecological significance especially in microaerobic and anoxic conditions, especially when periodically 
alternating with aerobic, which is quite common in the aquatic environment. In aerobic conditions, both 
acceptors (oxygen and nitrate) used in parallel, the oxygen is more favorable. 
In contrast to nitrification, the denitrification needs organic substrate as an energy source. These are 
typically organic substances contained in waste water (so called internal source). When an internal source 
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of organic carbon has a deficit so can add even more external resources, which are easily bioavailable 
organic compounds (such as methanol, ethanol, acetic acid, glucose) [8,9]. These organic compounds are 
oxidized during the denitrification. Nitrate and nitrite nitrogen is the final acceptor of electrons [1]. 
Denitrification can be schematically described by following equation: 
 
5 CH3OH + 6 NO3- → 5 CO2 + 3 N2 + 7 H2O + 6 OH-                                                               (1) 
Hydroxide ions are released during the denitrification (as opposed to nitrification), there is the alkaline 
environment (OH- ions react mainly with dissolved CO2 to form HCO3- ions) and with low buffer 
capacity of water can cause a significant increase in pH with subsequent inhibition of possible process. 
Denitrification takes place in a sufficiently wide range of pH values, 6 to 9, and is less sensitive to 
changes in pH than nitrification. From equation (1) shows that the reduction of 1 g N-NO3 is theoretically 
requires about 0,7 g organic carbon [8]. 
From a microbiological point of view must therefore be met opposite conditions during the nitrogen 
removal: 
1) low concentrations of organic matter, enough oxygen, a higher sludge age for the predominantly 
autotrophic nitrification, 
2) anoxic conditions without the presence of dissolved oxygen, with a sufficient source of organic 
substrate for heterotrophic denitrification. 
The combination of controlled nitrification and denitrification in the water technology is used for 
nitrogen removal in biological wastewater treatment. The principle is the correct setting oxic and anoxic 
periods in activation [8]. 
 
1.3. Denitrification in a pond environment 
Representation of the different forms of nitrogen in water is only a momentary appearance of a 
dynamic process in which N is transferred from one form to another. The driving forces of this process 
are different kinds of bacteria and their enzymatic apparatus. Nitrifying bacteria convert ammonium 
nitrogen to nitrite and nitrate (nitrification process). Denitrifying bacteria carry out the reverse process, 
during which it appears (in the final phase) of ammonium nitrogen and in addition a considerable amount 
of molecular nitrogen N2, which escapes from water into the atmosphere (denitrification process). 
Molecular nitrogen fixating bacteria are able to assimilate this form of nitrogen directly into the organic 
matter of their body. After the death of these bacteria the nitrogen is getting from their bodies as a result 
of mineralization into the next cycle of substances in the pond. 
Biological nitrogen removal in stabilization ponds is only part of the process and depends on complex 
conditions, subject to strong seasonal dynamics and it is difficult to manage. The data concerning the 
ability pond to remove nitrogen pollution are very diverse, ranging from 0 to about 60 % [10]. The annual 
variability is very significant especially in case of ammonium ions, so that problems are with the removal 
of nitrogen in winter. Microbial processes affecting the elimination of nitrogen (particularly nitrification) 
are known for their sensitivity to temperature [11,12]. During the summer period, the nitrogen removal 
efficiency for selected reservoirs during the 12 years monitoring was a remarkably stable at about 70 %. 
Capture and sequestration of nitrogen (and phosphorus) in the purification pond depends on the type 
and extent of pollution, climatic conditions (water temperature, solar radiation), the ratio C: N: P, which 
should be in optimal case 40: 10: 1, water retention time in the pond (14-35 days), the shape, the depth of 
the pond, biological recovery, etc. Water retention time in the pond is particularly important for 
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sequestration the nitrogen compounds by phytoplankton. In the absence of phosphorus leads to under 
development of phytoplankton and nitrogen is fixed in part. 
 
2. Experimental part 
All experiments were realized in polyethylene bottles of 250 ml, which were completely filled with a 
solution of NaNO3. Concentration of the solution was 80 mg.l-1 N-NO3, except for testing of pond mud 
for presence of nitrate. In this case PE bottle was filled with distilled water. Determination of nitrate was 
carried out by spectrometric method using sulfosalicylic acid and method by flow analysis (FIA) and 
spectrometric detection. 
 
2.1. Verification of the stability of sodium nitrate 
We tested the stability of sodium nitrate in water, therefore the possibility of its eventual self-
denitrification. Two bottles were filled with sodium nitrate, one of the bottles were plugged to prevent 
access of air, the second was left freely without plugs and both samples are left stand at room temperature 
24 °C. The eighth and fifteenth day of the experiment in each bottle was determined the content of 
nitrates or content of nitrate nitrogen respectively. 
 
 
2.2. Test of pond mud for nitrate 
Testing to verify that the pond mud used does not contain nitrates, which during the experiments could 
leach into the solution and could influence the results. Three reagent bottles were filled with distilled 
water and added them to the 5 g of pond mud. One bottle was plugged to prevent access of air, the second 
was left freely without plugs and both were placed in the laboratory at 24 °C. The third bottle (without 
plug) was placed into the refrigerator at 8-9 °C. After eight or fifteen days, respectively, samples were 
taken for determination of nitrate in water. 
 
2.3. Verification of nitrate sorption on your pond mud 
Another important factor was to determine whether pond mud itself can not adsorb nitrate ions. To 
verify this factor, three reagent bottles were filled with nitrate solution with the addition of 5 g of pond 
mud. Again, the influence of access of air and the influence of temperature were monitored (see 
Experiment 3.2). Same as in previous cases, the determination of nitrate was carried out after eight and 
fifteen days. The same series of experiments was carried out with weight 10 g of pond mud. 
 
2.4. Removal of nitrates using pond culture with the addition of an external source of  an external source 
of carbon and phosphorus 
Three reagent bottles were again filled with nitrate stock solution, then was added 5 g of pond mud, 
glucose and trisodium phosphate in the ratio of COD (or C): N: P = 80:7:1. Two experiments carried out 
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at room temperature (one with and one without access of air), the third experiment was carried out at 8-9 
°C. In all three experiments, after 8 and15 days was determined the content of nitrates. The experiment 
was even performed with 10 g of pond mud at room temperature. The 15th day in all reagent bottles was 
observed the presence of white cloud formed by microorganisms of pond culture (species composition of 
these organisms is currently unknown). 
 
2.5. Removal of nitrate in the absence of pond culture with the addition of an external source of an 
external source of carbon and phosphorus 
This experiment was designed to demonstrate that there is no degradation of nitrates by mere presence 
of the organic substrate and phosphorus, and if it is necessary to inoculate denitrification organisms into 
purified water (in this case, these are organisms that are present in the pond mud). Two reagent bottles 
were filled with nitrate stock solution with the addition of glucose and Na3PO4.12 H2O so that the ratio C: 
N: P was again 80:7:1. Experiments carried out at room temperature (one with and one without access of 
air), the determination of nitrate was carried out on the 8th and 15th day. 
 
2.6. Removal of nitrates using pond mud in the presence of only the external addition of phosphorus or 
only external addition of organic substrate 
The aim of this experiment was to verify which biogenic element is limiting for denitrification in our 
model conditions. Therefore, it was tested the impact of added only source of phosphorus or influence 
only the presence of organic substrate on the removal of nitrate using pond culture. Two experiments 
were conducted under conditions with access of air in the cold (8-9 °C) weight of pond mud in both cases 
was 5 g. In the first case of which was added to the reaction mixture only Na3PO4.12 H2O as a source of 
phosphorus (ratio of N: P = 7:1) and in the second case, only glucose was added as a carbon source (the 
ratio C: N = 80:7). 
 
2.7. Removal of nitrates using pond culture with addition of product on the basis of molasses 
In this experiment, the reagent bottle was filled with solution of nitrate, added 5 g of pond mud and 
Na3PO4.12 H2O and as a source of organic carbon were added three drops of the product on the basis of 
molasses. It is the product of a mixture of alcohols, sugars and proteins that increase the activity of 
microorganisms in wastewater and thus enables optimum elimination of nitrogen compounds. The bottle 
was then placed in a refrigerator (temperature 8-9 °C) the determination of nitrate was carried out after 
eight and fifteen days. 
 
3. Results and discussion 
Results of denitrification experiments using pond culture (pond mud) No. 1 - 7 are summarized in 
Table 1. On the basis of experimental verification of the stability of nitrate, we can say that no significant 
spontaneous degradation of nitrates take place in the solution. From the testing of pond mud on the nitrate 
content is evident that the highest concentration of nitrate nitrogen was determined in sample with access 
of air at room temperature. This concentration, however, moves in the determination error and we can say 
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that the pond mud do not emit any nitrates that could affect the course of other experiments. Also we can 
say that has not been demonstrated statistically significant sorption of nitrate at pond mud, just as has not 
been demonstrated statistically significant effects the parameters (access of air and temperature). These 
experiments also confirmed that the pond mud, respectively bacteria contained in it, are not able to 
remove nitrate without the presence of other biogenic elements, namely without organic carbon and 
phosphorus. Therefore, in the next experiment 3.4 were already incorporates these elements added to the 
reaction mixture. 
 





Concentration N-NO3 (mg.l-1) 
Description of the experiment Without access of air With access of air 














1 75,71 77,01 77,78 78,51 - - NO3- 
2 0,32 0,59 1,68 1,59 0,25 0,34 distil. water + 5 g of mud 
3 
76,11 76,01 77,78 78,24 76,79 77,94 NO3- + 5 g of mud 
75,4 76,2 78,38 78,91 76,83 76,71 NO3- + 10 g of mud 
4 
36,97 7,99 38,63 2,07 63,85 29,58 NO3
- + 5 g of mud + phosphate + 
glucose 
14,74 2,63 41,66 3,7 - - NO3
- + 10 g of mud + phosphate + 
glucose 
5 80,08 76,97 76,79 74,08 - - NO3- + phosphate + glucose 
6 
- - - - 78,89 79,65 NO3- + 5 g of mud + phosphate 
- - - - 66,31 30,05 NO3- + 5 g of mud + glucose 
7 - - - - 39,08 1,64 NO3
- + 5 g of mud + phosphate + 
molasses 
 
The results of the experiment 3.4 are shown in Table 2. We can make the following conclusions: 
1) The influence access of air showed up in such conditions as irrelevant, reducing nitrate after fifteen 
days was about 95%. 
2) According to the theoretical assumption has proved a significant influence of temperature, for which 
the experiments were, took place. As is evident from the results, at temperature 8-9 °C over the same 
period of time was reducing by about 30% less nitrate than at room temperature (24 °C). 
3) Effect of the amount of mud emerged as significant for experiments without air (in real life at the 
bottom of the pond). 
Experiments have also shown that the presence of nutrients, but without the presence of pond mud (or 
organisms contained in it), does not cause degradation of nitrates. Furthermore, it was found that for a 
given experimental conditions the concentration of phosphorus is not limiting, however, is its minimal 
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content necessary. The result for the organic carbon is clear that just his presence is essential for 
denitrification using pond culture. During the experimenting with product on the basis of molasses as an 
external source of organic carbon, the results once again confirmed the key role of the organic substrate. 
Although the experiment was conducted at a temperature of 8-9 °C, the nitrate removal comparable to the 
results obtained at room temperature (24 °C) with air. For further experiments will therefore already use 
as a carbon source only this product. 
 
Table 2. Results of experiment 3.4 with pond mud subsidized by an external source of C and P   
 
Description of the experiment 
Concentration N-NO3  
(mg.l-1) 














Without access of air  
NO3- + 5 g of mud 
80 36,97 7,99 0 53,79 90,01 
With access of air 
NO3- + 5 g of mud 
80 38,6 2,07 0 51,75 97,41 
With access of air 
NO3- + 5 g of mud + cold 
80 63,85 29,58 0 20,19 63,03 
Without access of air 
NO3- + 10 g of mud 
80 14,74 2,63 0 81,58 96,71 
With access of air 
NO3- + 10 g of mud 
80 41,66 3,7 0 47,93 95,38 
 
4. Conclusions 
To get more precise views on denitrification pond culture using laboratory experiments were 
performed in polyethylene bottles, which were intended to clarify the basic relationships of biological, 
physical and chemical processes during denitrification. Denitrification process was tested by pond mud 
from a pond near Pardubice. The influence of individual components (the amount of mud and the 
presence of organic substrate and phosphorus) on nitrate removal in a model solution of sodium nitrate 
was monitored. Effect of temperature and access of air (oxygen) was also monitored. It was found that air 
access is not significant. If decrease in temperature below 10 °C, the reaction rate decreases by 30%. 
Significant influence is, however, the present amount of mud. The content of organic substrate is crucial 
for the denitrification process with pond mud, while phosphorus is not limiting factor. 
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